Background and objectives Non-renal transplant recipients who subsequently develop ESRD and undergo kidney transplantation are medically and immunologically complex due to comorbidities, high cumulative exposure to immunosuppressants, and sensitization to alloantigen from the prior transplant. Although prior non-renal transplant recipients are one of the fastest growing segments of the kidney wait list, minimal data exist to guide the use of antibody induction therapy (IT+) at the time of kidney after lung (KALu), heart (KAH), and liver (KALi) transplant.
Introduction
The success of lung, liver, and heart transplantation is reflected by the increasing number of surviving recipients. These patients are at greater risk of developing CKD and ESRD, likely as a result of episodes of AKI, prolonged exposure to calcineurin inhibitors, and in association with contributing comorbidities such as diabetes, hepatitis C, and hypertension (1) (2) (3) (4) . A retrospective analysis of national registry data indicated that 15.8% of lung transplant recipients, 18.1% of liver recipients, and 10.9% of heart recipients will develop CKD within 5 years of transplant (5) . The development of CKD and ESRD after non-renal transplant is associated with an increased risk of mortality (5) (6) (7) . Although the number of patients is small, non-renal transplant recipients represent a growing segment of the kidney transplant wait list. Evidence indicates that these patients receive a survival benefit from kidney transplantation compared with remaining on the kidney wait list (8) (9) (10) (11) (12) . Taken together, these findings indicate that nonrenal transplant recipients with subsequent chronic renal disease are at increased risk of mortality and those who are candidates for kidney transplantation receive a substantial survival benefit.
Clinical trials have revealed that induction immunosuppression using antibody therapy decreases the risk of acute rejection for isolated kidney transplants (13, 14) . Induction therapy may also reduce exposure to calcineurin inhibitors in the peri-transplant period (15, 16) . Although kidney transplant after prior heart, liver, or lung transplant has become more common, little evidence exists to guide transplant centers in their decisions regarding the use of induction therapy for this group. Decisions regarding immunosuppression at the time of renal transplant can be challenging in patients with a prior non-renal transplant. The judgment to use induction therapy in patients with a prior heart, lung, or liver transplant requires careful consideration of the potential adverse consequences as well as benefits of this therapy. In general, non-renal transplant recipients considered for renal transplantation are medically complex, often with residual comorbidities related to the primary disease. From an immunologic perspective, these patients may be at increased risk for rejection because of exposure to alloantigens from the prior transplant. Consideration for induction therapy may reduce the risk of acute rejection. However, non-renal transplant recipients have accumulated significant exposure to chronic immunosuppression, placing them at increased risk of infection and immunosuppressionrelated malignancies.
Evidence to help make informed decisions regarding induction therapy in patients presenting for kidney after liver (KALi), kidney after lung (KALu), and kidney after heart (KAH) transplants is sparse (17) . The aims of this study were to examine national trends with regard to induction therapy and to determine whether there is evidence of benefit in the use of antibody induction therapy in a medically and immunologically challenged group of transplant recipients.
Materials and Methods

Study Design
This was a retrospective cohort study of kidney transplant recipients between January 1995 and February 2009 using registry data from the United Network of Organ Sharing (UNOS). This study was approved by the Hospital of the University of Pennsylvania Institutional Review Board.
UNOS kidney, thoracic, and liver data sets were used to identify patients who received a kidney transplant in one of the following clinical scenarios: kidney after lung transplant (KALu), kidney after heart transplant (KAH), and kidney after liver transplant (KALi). UNOS immunosuppressant data were used to identify patients who had received induction therapy (IT+) at the time of kidney transplantation. The induction therapy group included those patients who received antilymphocyte globulin, antithymocyte globulin, alemtuzumab, muromonab-CD3, basiliximab, or daclizumab.
Patients aged ,17 years at the time of transplant and patients with prior or subsequent transplants other than the initial lung, heart, or liver were excluded. A total of 153 KALu, 356 KAH, and 416 KALi IT+ recipients, and 79 KALu, 232 KAH, and 320 KALi recipients who did not receive induction (IT2) were identified for this study.
Survival Analysis
The primary endpoints of the study were graft and patient survival. Unadjusted patient survival was determined with Kaplan-Meier analysis. Independent multivariable Cox hazard models were constructed to compare IT+ and IT2 recipients within the three transplant populations (KALu, KAH, and KALi). Variables nominally associated with the outcome (P,0.10) in univariate analyses were entered into the multivariate models. Covariates not meeting the entry threshold were included if considered clinically significant. Graft and patient survival models included the following covariates: recipient and donor age, cold ischemic time, peak panel reactive antibody (PRA) greater or less than 20%, donor type (standard criteria deceased, extended criteria deceased, living donor), and antibody immunosuppression group (IT+ or IT2). Recipient hepatitis C status was included in the model for KALi but not the other groups due to the low number of KALu and KAH recipients who had positive hepatitis C results. Additional KALi models were created specific to recipients with and without hepatitis C virus (HCV+ and HCV2, respectively) so as to better evaluate the use of induction therapy within this cohort.
Missing Data
Our primary approach was to perform multivariable regression analyses using data from recipients with compete data sets regarding the covariates of interest. PRA and cold ischemic time were missing in 24.0% and 23.4% of recipients, respectively. We performed a series of secondary analyses to demonstrate that these missing data did not significantly affect the primary relationships between induction therapy and outcomes. In these secondary analyses, missing values for PRA and cold ischemic time were imputed using the 10th and 90th percentiles, as well as mean values. In these secondary analyses, imputation did not significantly change the results of the primary analysis and are not shown.
Statistical Analyses
Means of continuous variables were compared between groups using ANOVA. Categorical variables were compared between groups using the chi-squared test. All analyses were performed using SPSS software (version 17.0; SPSS Inc, Chicago, IL). Microsoft Excel 2003 was used for construction of some of the figures.
Results
Our results showed that 65.9% of KALu, 60.5% of KAH, and 56.5% of KALi received induction at the time of kidney transplant. The number of patients undergoing kidney after previous lung, heart, or liver transplant, as well as the percentage receiving induction immunosuppression at the time of kidney transplant increased during the study period ( Figure 1 ). In the last 5 years of this study, the percentage of renal recipients given induction therapy as a component of their immunosuppression regimen increased from 70% to 78% for KALu, 64% to 86% for KAH, and 63% to 73% for KALi. The types and distribution of induction therapy are listed in Table 1 . Patients receiving induction therapy were more likely to receive steroids at the time of transplant and were less likely to receive maintenance steroids at the time of discharge ( Table 1) .
The degree of allosensitization was examined in the three clinical groups. The mean PRA of those patients receiving induction was similar to patients who did not receive induction (KALu IT+ = 6.8, KALu IT2 = 8.0, P=0.69; KAH IT+ = 7.6, KAH IT2 = 6.3, P=0.44; KALi IT+ = 15.3, KALi IT2 = 12.1, P=0.15). Despite similar levels of immunologic sensitization between IT+ and IT2 groups as measured by PRA, we examined waiting times and the interval between the non-renal transplant and kidney transplant as surrogate markers that might represent immunologically complex patients for which compatible donors were less likely to become available (Table 1) . Wait list time was longer for patients who received induction therapy; however, this only reached statistical significance for KALu (IT+ = 3666405, IT2 = 2506237 days, P,0.05). The length of time between transplants was longer among IT+ KALu (7.763.1 versus 6.662.9 years, P=0.01) and IT+ KALi (4.863.7 versus 3.463.4 years, P,0.001) compared with IT2 recipients. The difference among IT+ and IT2 recipients with regard to wait list time or time interval between non-renal transplant and renal transplant was not associated with an increased number of living donors in the IT+ groups (Table 1) .
Multivariable regression modeling of patient survival did not demonstrate a significant difference at 1, 5, or 10 years between IT+ and IT2 kidney recipients of a prior lung or heart transplant. However, induction therapy was associated with an increased risk of 1-year (hazard ratio [HR], 2.56; confidence interval [CI], 1.04-6.25; P=0.04) and 10-year patient mortality (HR, 1.75; CI, 1.10-2.86; P=0.02) among KALi recipients (Figure 2 ). To determine if hepatitis C might account for the increased risk of mortality among IT+ liver recipients, we created adjusted models in which KALi recipients were stratified by hepatitis C status and use of induction therapy. HCV+ IT+ recipients had inferior survival compared with HCV+ IT2 recipients (HR, 2.0; CI, 0.99-4.04; P=0.05) and the outcome of HCV2IT+ recipients also was inferior compared with HCV2IT2 recipients, although this did not quite reach statistical significance (HR, 1.75; CI, 0.94-3.25; P=0.08). These results suggest that HCV status did not account for differences in survival of the IT+ and IT2 populations (Figure 3) .
Although induction therapy did not seem to influence the survival of KALu and KAH recipients, we investigated whether induction therapy was related to acute rejection within the first year after kidney transplant. Our results showed that 8.7% of KALu IT+ recipients were treated for acute rejection within 1 year, compared with 17.9% in IT2 recipients (P=0.09). KAH recipients showed a similar trend toward less rejection in the IT+ recipients, with 9.6% IT+ and 16.3% IT2 being treated for acute rejection within 1 
Discussion
As kidney transplantation after non-renal solid organ transplantation becomes more common, clinicians are increasingly confronting decisions about the optimal medical management of this complex group of patients. Recent publications emphasize the growing number of kidney wait list patients with a prior non-renal transplant and the survival benefit of a kidney transplant (10-12) . The identification of key issues in the clinical management of this complex group will help to improve patient and graft survival. Little guidance is available concerning the use of induction therapy in this population. We conducted this study to determine if induction immunosuppression therapy imparts a substantial benefit to kidney and patient survival in patients with a prior non-renal transplant.
Previous studies of kidney transplant recipients without a prior non-renal transplant reveal the risk-benefit tradeoffs of antibody induction therapy, although the generalizability of these findings to individuals with a prior non-renal transplant is unclear. Substantial evidence demonstrates that induction therapy decreases the incidence of acute rejection, may improve short term allograft survival, and reduce the incidence of delayed graft function (13, 14, 16, 18) . However, there is little evidence that induction therapy improves long-term kidney survival (19, 20) . A body of data suggests that the decreased incidence of acute rejection and improvement in graft survival associated with induction therapy may preferentially benefit kidney transplant candidates with a high PRA level and other populations at greater risk of rejection (15, 21, 22) . Induction therapy at the time of renal transplantation has been recommended by Kidney Disease Improving Global Outcomes guidelines, although this is not without controversy (23). Unfortunately, most of these studies did not include a substantial number of patients with a prior non-renal organ transplant.
Despite a lack of data, the use of induction therapy at the time of kidney transplantation in recipients of a prior nonrenal transplant is increasing. Our results showed that 78% of KALu, 86% of KAH, and 73% of KALi received induction therapy at the time of kidney transplant. This finding reflects trends among kidney transplant recipients without a prior non-renal transplant, in which induction therapy increased to 72% of all recipients in 2003 compared with 46% of recipients in 1995 (18) . Our survival analyses demonstrated that induction therapy was not associated with better patient or graft survival in KALu and KAH, even though the incidence of rejection within the first year of transplant was lower among those who received induction. However, these results should be interpreted with caution given the limited power and wide confidence intervals. In the setting of kidney after liver transplantation, however, induction was associated with inferior short-and long-term patient survival but no difference in the risk of rejection within the first year after transplant. It is concerning that these potent immunosuppressives are finding greater acceptance without evidence of benefit, and perhaps increased risk for recipients with a prior liver transplant.
The use of induction therapy at the time of liver or kidney transplantation among patients with hepatitis C is controversial. The effect of these intense immunosuppressive medications on viral activity and progression of disease in the transplanted or native liver remains uncertain. We conducted a stratified analysis to determine if hepatitis C might account for decreased survival among liver recipients who subsequently undergo kidney transplantation. Our findings indicate that hepatitis C status was not associated with a significantly increased risk of mortality. Both HCV+ and HCV2 recipients tended to have inferior survival with the use of induction (Figure 3) . Among liver transplant recipients with hepatitis C, some studies have shown that induction therapy has no effect on disease progression, whereas others have found a harmful effect (24) (25) (26) (27) (28) . A more recent analysis of the UNOS database provides evidence of a small survival benefit with induction therapy regardless of recipient HCV status (29) . Among kidney transplant recipients who have not undergone prior non-renal transplant, immunosuppression increased HCV replication, although recent studies have shown relatively slow progression of liver fibrosis (30) (31) (32) (33) . Despite conflicting data, most studies show worse graft and patient survival in HCV+ compared with HCV2 kidney recipients with higher rates of infections and death among the HCV+ kidney recipients (34) (35) (36) (37) . In contrast to our findings among KALi, a recent analysis of UNOS data found that the use of antibody induction in kidney recipients with HCV+ serology did not negatively affect survival (38) .
One of the primary justifications for the use of induction therapy in kidney transplant patients, who have previously received a solid organ, is the increased risk of rejection associated with allosensitization. Our analysis suggests that, in general, sensitization among previous non-renal transplant recipients as measured by the PRA level is limited. A majority of patients had panel reactive antibody levels ,20%. Levels of allosensitization seem to be similar to the entire kidney wait list, but lower than patients with isolated renal failure awaiting a repeat kidney transplant (11) . Given that most non-renal transplant patients who undergo subsequent renal transplant are not highly sensitized, the benefit of induction therapy may be overestimated. The potential for infections and malignancies (39, 40) and increased cost should be considered in the decision to use induction therapy for renal transplantation after a non-renal transplant.
Our study has several limitations. Because these data are from a national registry, unmeasured clinical attributes may produce residual confounding. For example, patient attributes such as opportunistic infections or malignancies identified before the kidney transplant-but that would influence the decision to use induction therapy at the time of kidney transplant-are not well captured by the UNOS registry. An additional limitation was our analysis of lymphocytedepleting and nondepleting agents as a single exposure due to small cohort size. Induction agents are recognized to have different mechanisms, efficacy, and safety profiles. Lastly, because of the relatively small sample size, in particular KALu and KAH, the study had limited statistical power to detect a significant (P,0.05) or clinically meaningful difference between induction therapy groups. As such, a type II error was possible.
In conclusion, induction therapy in KAH and KALu may not affect graft or patient survival. In contrast, induction therapy in KALi was associated with decreased short-and long-term patient survival. Taking into account the increasing number of kidney transplants after the transplantation of a non-renal organ, the potential complications, and expense associated with induction therapy, its use in this patient subset deserves further scrutiny.
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